The medicinal plant Brucea javanica (L.) Merr. (Simaroubaceae), grown in China, was examined for anti-babesial properties. The anti-babesial activity of the fruit was found to be attributed to its quassinoid constituents. Ten active compounds were isolated and purified from a chloroform extract. The identities of these compounds were confirmed from NMR spectroscopic and mass spectral data as brusatol (1), bruceantin (2), bruceine A (3), bruceantinol (4), dehydrobruceine B (5), dehydrobrusatol (6), dehydrobruceine A (7), bruceine D (8), bruceoside A (9), and yadanzioside G (10). When tested in vitro against Babesia gibsoni, compounds 1-10 had IC 50 values of 0.74, 13.4, 4.0, 12.0, 308.2, 10.5, 835.0, >1000, and >1000 ng/mL, respectively. Compounds 1-4, 6 and 7 had far higher activity than the commercial anti-babesial drug diminazene aceturate, which possesses an IC 50 value of 70.5 ng/mL. Except for bruceine A (3), bruceantinol (4) and bruceine D (8), this is the first report of the anti-babesial activity of these isolated quassinoids.
Canine babesiosis is a tick-borne disease caused by the protozoal parasites Babesia gibsoni and B. canis. They infect the red blood cells of dogs and typically cause hemolytic anemia. Infection with B. gibsoni usually results in more severe clinical manifestations than infection with B. canis, and may cause dysfunction of multiple organs [1] . B. gibsoni is distributed in many regions throughout the world, including Asia, Africa, Europe, America, and Australia [2, 3] . Treatment of or spontaneous recovery from an acute infection frequently fails to clear the invading organisms from the host, which leads to it being a carrier. The animals that recover are a reservoir for tick-transmitted infections and are at risk for recrudescent infection [2] . No drugs have proven effective for the elimination of B. gibsoni from infected dogs. Some anti-babesial drugs reduce the severity of clinical signs and the mortality associated with the disease. The available drugs on the market are diminazene aceturate, imidocarb diproprionate, phenamidine isethionate, pentamidine isethionate, parvaquone, and niridazone [2] . However, these usually cause severe side effects [4] . Therefore, an alternative chemotherapeutic agent with fewer side effects is urgently needed for the treatment of B. gibsoni infection.
Brucea javanica (L.) Merr. (Simaroubaceae) is widely distributed throughout Asia, where the bitter fruits (known as "ya dan zi") are used in traditional medicine for various ailments, including cancer, amoebic dysentery, and malaria [5] . In common with other Simaroubaceae species, the bitter principles of this plant are due to quassinoids, some of which have been investigated extensively as antitumor agents [6] . Bruceantin (2) has been shown to possess high activity in vitro against Entamoeba histolytica [7, 8] The therapeutic value of Brucea javanica as an antimalarial remedy in traditional medicine is associated with the content of different bruceines existing in the plant. The quantity and the existence of these bruceines in the plant depend upon climatic, seasonal, and geographic factors [9] . Recently, our research group reported that extracts of B. javanica fruits show strong inhibitory activity of parasite growth at a concentration of 10 µg/mL [10] . During this study, some quassinoids were isolated and investigated for their anti-babesial activities and showed much higher activity than the standard drug, diminazene aceturate. The plant material in the previous study was purchased from a local shop in Indonesia, but the activity against B. gibsoni and the quassinoid content are thought to differ with fruits from other regions. The aim of this study, therefore, was to isolate and characterize the anti-babesial quassinoids from the fruits of B. javanica from other regions and to compare their activity. Here we report on the anti-babesial activity of compounds 1-10 isolated from fruits purchased from China and on structure-activity relationships.
Purification of the chloroform extract of B. javanica fruits using silica gel column chromatography followed by HPLC and PTLC led to the isolation of ten quassinoids (1-10). The chemical structures were deduced to be brusatol (1), bruceantin (2), bruceine A (3), bruceantinol (4) dehydrobruceine B (5), dehydrobrusatol (6), dehydrobruceine A (7), bruceine D (8), bruceoside A (9), and yadanzioside G (10) (Figure 1 ) based on comparison of 1D-and 2D-NMR spectral data and optical rotation values with published information [12] . Following this isolation scheme, we anticipated isolating bruceines A, B, and C as the major compounds [9] ; however, bruceine A was only obtained in small amounts and bruceines B and C were not isolated. This confirms earlier observations that the yield and composition of bruceines in B. javanica depend on geographic and seasonal factors. It was obvious from our results that relatively small molecular changes produce quite large differences in the in vitro activity of the tested quassinoids. Compounds 1-4 differ only in the nature of the ester moiety at C-15, but have IC 50 values ranging from 0.74 ng/mL for brusatol (1), the most potent compound, to 13.4 ng/mL for bruceantin (2) . In particular, brusatol (1) and bruceine A (3) are identical, except for either the presence or absence of the unsaturated C-2´/C-3´ bond, which caused a fivefold difference in activity. Also, compounds 5-7 differ only in the nature of the ester moiety at C-15, but have IC 50 values ranging from 10.5 ng/mL for dehydrobrusatol (6) to 308.2 ng/mL for dehydrobruceine B (5). The above-mentioned results clearly indicate the important contribution to in vitro anti-babesial activity of the C-15 ester function of the quassinoids.
Dehydrobrusatol (6) and brusatol (1) have the same C-15 ester function; however, the decrease in activity for 6 was about 14 times less than for 1; also, bruceine A (3) is more active than its dehydrated derivative (7) . Therefore, the decrease in the activity of 6 and 7 is due to dehydration of ring A. On the other hand, bruceoside A (9) and yadanzioside G (10) have far lower activity than their aglycones; with IC 50 values greater than 1000 ng/mL. Thus, glycosylation at O-C2 has a negative effect on anti-babesial activity. Our results led to the following structureactivity relationships for quassinoids related to growth inhibition of the parasite B. gibsoni. Activity is influenced by (i) the nature of the C-15 side chain, (ii) the nature of the A ring modification, and (iii) the presence or absence of a sugar moiety at O-C2.
Considering the potentially fatal side effects of diminazene aceturate, bruceines are promising new candidates for the treatment of B. gibsoni infection. However, the mechanism of action of these bruceines on the growth of B. gibsoni is not yet known. Therefore, there is an urgent need o determine the precise mechanism of action of these compounds in order to develop new anti-babesial drugs. In vitro test for anti-babesial activity: The antibabesial assay was performed against B. gibsoni in vitro according to the reported methods [11] .
Extraction and isolation:
Dried ground fruit (500 g) was defatted with n-hexane (3L×3) and the marc was successively extracted with chloroform (3L×3 
